Purpose: To review prevalence, long-term progression, and prognosis of vitreoretinal interface modifications in pathologic myopia with posterior staphyloma and investigate foveal sensitivity and fixation stability.
microperimetry (MP) can provide valuable information in the management of such patients.
Materials and Methods
The records of highly myopic patients seen at a single institution between December 2001 and December 2004 were retrospectively reviewed. Inclusion criteria were axial length .30 mm, presence of PS, and the availability of optical coherence tomography (OCT) and MP at least at baseline, latest examination, and immediately before and after surgery. Patients with significant media opacity, previous ocular surgery, need for ocular surgery other than for retinal reason (glaucoma, cataract extraction, etc), age ,18 years, and incomplete charts were excluded. Two hundred and four patients (408 eyes) met inclusion criteria, 116 of whom (214 eyes) showed vitreoretinal abnormalities within the staphyloma and were therefore included in the study.
Comprehensive visit included Early Treatment Diabetic Retinopathy Study (ETDRS) Snellen equivalent best-corrected visual acuity, anterior and posterior segment biomicroscopy, intraocular pressure, dilated indirect ophthalmoscopy, and biomicroscopy. Instrumental diagnostic procedures, such as A-and Bscan ultrasonography (Humphrey Instruments, San Leandro, CA), OCT (OCT3 Stratus; Carl Zeiss Ophthalmic Systems, Inc, Humphrey Division, Dublin, CA, before September 2007, and Cirrus Spectral Domain High Definition-Carl Zeiss Meditec, Inc, Dublin, CA, thereafter), 5, 6 and MP (MP1; Nidek Technologies, Padua, Italy) were performed consistently throughout the entire sample as deemed necessary.
Axial length was measured by means of A-Scan ultrasonography (HiScan; Optikon 2000, Rome, Italy). Microperimetry used a 32-stimuli grid over the central 5 degrees, 1 second between stimuli, Goldmann I stimulus size, and a bright fixation target of 1 degree. A 4-2-1 double staircase strategy was carried out, starting at the 15 db level. Fixation was defined stable if fell .75% of times within the inner 2 degrees, relatively unstable if ,75% were inside the 2 degree but .75% inside 4 degrees, and unstable if ,75% fell within 4 degrees as elsewhere reported. 8 Foveal sensitivity and fixation stability were calculated for the overall sample and for each group during the course of follow-up and correlated to OCT and ophthalmoscopic findings. The variation of foveal sensitivity and fixation stability between baseline examination and preoperative visit for eyes requiring surgery or end of follow-up visit for stable eyes was also recorded.
Eyes were divided into 5 groups based on ophthalmoscopic and OCT findings 9 at baseline: 1) epiretinal membrane without retinal changes (ERM); 2) macular retinal schisis (Schisis) with or without ERM; 3) partial thickness macular hole (PTMH); 4) full-thickness macular hole without retinal detachment (FTMH); and 5) posterior retinal detachment (PRD) with or without MH. Disease progression was defined as a decrease in visual acuity of 2 or more lines in 2 consecutive visits associated to objective worsening of the OCT and/or MP. Patients referring loss of vision, onset or worsening of metamorphopsia, central scotoma, and/or sudden decrease in visual acuity have been considered "symptomatic."
To evaluate disease behavior and progression patterns within groups, Schisis and FTMH have been further classified into symptomatic and asymptomatic while PRD has been divided into macula on, macula off, and associated to MHs. Vitreous status was assessed by means of indirect ophthalmoscopy, slitlamp biomicroscopy with +90-diopter lens and, when deemed necessary, B-scan ultrasound; a diagnosis of posterior vitreous detachment was made either if biomicroscopy showed Weiss ring anterior to the optic disk or if ultrasonography clearly outlined a membrane freely moving anterior to the optic nerve shadow.
For the purpose of statistical analysis, Snellen fraction visual acuity data have been converted into logarithm of the minimum angle of resolution unit. Statistical analysis used analysis of variance for metric variables and chisquare for contingency tables, whereas the nonparametric Spearman correlation test was used for fixation stability and need for surgery. Significance has been set at the 0.05 level. The study followed the tenets of the Declaration of Helsinki and received approval from the Institutional Review Board affiliated with G.B. Bietti Eye Foundation-IRCCS, Rome, Italy.
Results

Baseline
Vitreoretinal abnormalities at baseline were present in 116 of 204 originally screened patients (56.8%) and 214 of 408 eyes (52.4%); 98 of 116 patients (84.4%) showed bilateral involvement. 10 Study population therefore included 214 eyes of 116 patients whose demographics and baseline characteristics are reported in Table 1 
Follow-up
During the 66 months of average follow-up, 33 of 214 eyes (15.4%) underwent surgery and 13 of 33 eyes (39.3%) required a second operation, with surgery rate varying significantly between 2% for ERM to 20% to 25% for Schisis, PTMH, and FTMH, and up to 50% for the PRD ( Table 2 ). Details of patients who did not require surgery are reported in Table 3 ; the significant differences at baseline compared with surgical patients were PTMH and PRD logarithm of the minimum angle of resolution and foveal sensitivity.
Chances of progression for symptomatic and asymptomatic patients were the same for Schisis and FTMH groups, whereas being macula off or having a MH rose the chances of undergoing surgery in the PRD group. The need for surgery significantly correlated to a decrease of both fixation stability and foveal sensitivity while baseline foveal sensitivity and fixation stability did not matter (Table 4) . Selected cases of patients whose disease progressed to require surgery are reported hereafter, to exemplify the diverse evolution of vitreoretinal abnormalities associated to pathologic myopia.
ERM Patient No. 16
A 42-year-old man with −22 diopters refraction, 16 dB foveal sensitivity, and baseline acuity of 20/25 returned 18 months after the initial examination complaining of metamorphopsia and loss of vision. Visual acuity dropped to 20/200 and MP to 9 dB because of the development of foveal Schisis. The patient underwent pars plana vitrectomy (PPV), ERM and internal limiting membrane (ILM) peeling, SF6 tamponade with good anatomical and functional restoration; 6 months after surgery, vision was 20/30 and foveal sensitivity was 14 dB.
Schisis Patient No 43
A 37-year-old woman with −26 diopters of myopia, 20/40 vision, and 14 dB at baseline started complaining of "blurred" vision 8 months after the initial examination. Vision was unchanged while foveal sensitivity dropped to 12 dB with stable fixation ( Figure 1A ). Optical coherence tomography showed foveal thickness increase ( Figure 1B ). Six months later, vision also had decreased to 20/100 and sensitivity measured 10 dB in fovea with relatively stable fixation ( Figure 1C ); OCT showed a further slight increase in foveal thickness ( Figure 1D ). The patient underwent PPV, ILM peeling, and SF6 tamponade, achieving reduction of foveal thickness but minimal visual benefit, unchanged foveal sensitivity, and fixation instability. A second surgical procedure with episcleral macular buckle (EMB) performed 2 months later reached foveal adhesion and allowed fixation stability.
PTMH Patient No. 11
A 45-year-old woman with 20/40 vision at baseline (refraction −19 diopters; foveal sensitivity at baseline 13 dB) experienced "blurred vision" 1 month after the initial examination, and despite unchanged visual acuity, MP revealed decreased foveal sensitivity (10 dB). Three months later, visual acuity was 20/60, foveal sensitivity was 9 dB, fixation was relatively stable, and OCT showed marked foveal thickening and 
FTMH Patient No. 4
A 50-year-old man (sph −22; visual acuity at baseline 20/50, foveal sensitivity 13 dB, with stable fixation and no evidence of dense central scotoma despite the OCT finding) presented for a routine examination, being totally asymptomatic. Baseline OCT revealed the presence of FTMH and adherent ERM. Twentyfour months later, visual acuity had progressively dropped to 20/80 and MP1 measured 8 dB with relatively stable fixation, central macular scotoma, and worsened OCT. The patient underwent PPV, accurate cortical vitreous peel, ILM peel, and SF6 tamponade. Six months later, visual acuity and foveal sensitivity did not change substantially (20/80 visual acuity and 9 dB, respectively) despite a relatively favorable anatomical outcome and closed MH. Foveal fixation became relatively stable after surgery. *Difference between rate of progression in symptomatic and asymptomatic Schisis patients is significant (P = 0.008), while it is not for FTMH group.
LogMAR, logarithm of the minimum angle of resolution.
PRD Patient No. 3
A totally asymptomatic 36-year-old woman (visual acuity 20/32; sph −22; foveal sensitivity 11 dB, stable fixation at baseline) presented for routine examination. Optical coherence tomography showed an ERM connected with the detached retina, and retinal detachment included superotemporal vascular arcades. Three months later, visual acuity dropped to 20/200 with relatively stable fixation and underwent PPV, cortical vitreous peel, ILM peel, and silicone oil tamponade (SiO) with good success and regained a stable fixation and 20/50 visual acuity (Table 2) .
PRD Patient No. 13
A 48-year-old man presented with MH associated to PRD, unstable fixation, and 20/400 vision (−22 dpt; 5 dB foveal sensitivity; Figure 2A ). Despite immediate PPV with ILM peel and SiO tamponade, 1 month postoperatively, the retina did not flatten completely on the PS (Figure 2B ), visual acuity was unchanged, and fixation was unstable. Episcleral macular buckle was performed with success ( Figure 2C ), visual acuity increased to 20/80 and foveal sensitivity to 9 dB with stable fixation.
Discussion
Pathologic myopia with PS is consistently associated to posterior vitreoretinal alterations with protean presentation: more that one half of our patients showed frank vitreoretinal abnormalities in the staphyloma and bilateral involvement represented almost the rule: 4 of 5 cases. Shimada et al 11 also reported a very high prevalence of paravascular retinal cysts (49.5%), vascular microfolds (44.6%), and paravascular retinal -0.000* 0.000* Delta fix 0.000* 0.609 0.106 0.000* -0.000* Surgery 0.001 0.229 0.955 0.000* 0.000* -Significance has been set at the 0.01 level. Patients in the PRD group who underwent surgery right after baseline visit have been excluded. *Correlation is significant at the 0.01 level (2 tailed). dB t 0 , foveal sensitivity in dB at t 0 ; delta dB, difference in dB between baseline examination and preoperative visit (for operated eyes) or end of follow-up visit (for stable eyes that did not undergo surgery); delta fix, difference in class of fixation stability (stable, relatively stable, unstable) between baseline examination and preoperative visit (for operated eyes) or end of follow-up visit (for stable eyes that did not undergo surgery); fix t 0 , fixation at t 0 ; surgery, need for surgery (yes, no).
holes (26.8%), most of which are asymptomatic, while Wu et al 6 recorded a lower prevalence of foveoschisis (8%) although recognizing a marked increase for eyes longer than 30 mm. Posterior retinal detachment, often asymptomatic, is also relatively common, having been described in up to 9% of eyes with PS. 12 We detected a slightly higher prevalence of vitreoretinal abnormalities, probably because of more restrictive inclusion criteria that selected longer bulbs. A selection bias could also be invoked in the setting of a tertiary referral center specializing in the care of myopia, and the extensive use of OCT in asymptomatic patients might have contributed to a higher detection rate in asymptomatic patients.
The progressive elongation of PS has been well documented 2,13,14 also as a risk factor for disease progression and unfavorable prognosis; Green and Grossnicklaus 15 described a posterior schisis variant, which they named "stretch schisis," where scleral elongation would be the main reason for retinal layer separation, regardless of vitreous traction. They described it as ". . .a condition that results from retinal vessels that do not lengthen as much as the underlying neurosensory retina, resulting in a schisis-like configuration. . .." We indeed observed a similar picture in 7 eyes with no obvious ERM, and although we cannot infer this as a separate entity, it did not seem to follow the schisis model theorized by Sun et al. 16 An alternative explanation could be invoked as also in the absence of ERM, differential compliance of inner and outer retinal aspects, noncompliant ILM, "stiff retinal vessels" and/or cortical vitreous remnants could result in neurosensory detachment limited to the staphyloma. 17 Although excellent studies exist on the natural history of myopic maculopathy, 2, 14 less is known about the risk of progression of vitreoretinal interface pathology associated to PM with PS and the need for surgery. Gaucher et al 18 reported macular schisis progression in 20 of 29 eyes (68%) after 31 months of mean follow-up, half of which associated with ERM and operated 11 of them with significant improvement.
Only a small percentage of our patients eventually required treatment (15%, Table 2 ), despite a lengthy follow-up; indeed, the true progression rate was even lower if we consider that 9 PRD eyes underwent surgery upon presentation, thus lowering the figure to 11.7% of the entire sample (33 − 9 = 24; 24/205 = 0.117). Progression patterns varied significantly across groups ( Table 2) : Risk of progression almost doubled for Schisis and PTMH and reached 50% for symptomatic Schisis while ERM chances of requiring surgery were approximately one tenth of the average (2%). It should be emphasized that both "progression" and "need for surgery" largely depend on individual judgment and as such are largely debatable. In the FTMH group for instance, we elected to withhold surgery in symptomatic patients with extensive choroidal atrophy, in the absence of PRD. It is our experience that such patients rarely experience MH closure after surgery and only occasionally improve vision.
Surgical techniques, both vitreous 19 and scleral buckling procedures, have been thoroughly investigated. 20 Ando et al 20 reported favorable outcome in 93% of cases after EMB limited to MH cases, while Baba et al 21 reported a broader use of EMB for posterior schisis without MH, obtaining a 66% success rate. We performed PPV as a primary procedure in all patients, with a primary anatomical success rate of 60.6% (20 of 33). When secondary surgery was deemed necessary, EMB was performed, with increase in foveal sensitivity and fixation stability in most cases ( Table 2 ). The rationale for primary PPV, 22 leaving EMB as a secondary option, is based on the presence of an obvious vitreous traction in most patients that can be effectively relieved by means of vitrectomy.
Failure to achieve complete foveal reattachment after primary PPV may point to a relative insufficiency of the retina (or inner retinal layers) compared with the scleral bed. Alternatively, ILM and/or vitreous cortex remnants can still cause retinal contraction, and their removal would allow retinal distension. A secondary buckling procedure, limited to those cases, would take care of a relative "retinal shortness" and counteract residual contraction because of hidden ILM and/or cortex islets. Episcleral macular buckle would also work where a "stretch schisis" mechanism postulated by Green coexists.
Foveal sensitivity decrease and worsening of fixation stability were significantly associated to the need for surgery (Table 4) . Although the retrospective nature of our study obviously introduced a bias, because a drop in visual acuity is often associated to both fixation instability and loss of foveal sensitivity, we also observed patients who complained of "blurred vision" before Snellen acuity dropped (Schisis patient no. 43 and PTMH patient no. 11). In such patients, MP showed altered fixation and decreased foveal sensitivity, weeks before acuity worsened. It is conceivable that fixation is subtly altered by the initial photoreceptor damage although the patient's ability to read the Snellen chart remains stable until further damage consistently impairs fixation, impacting visual acuity.
Present study suffers from the many limitations of retrospective series: lack of data systematization and, at time, consistency. Vitreoretinal interface alterations in highly myopic eyes have not been univocally classified yet and both disease progression and surgical indications are largely debatable and deserve standardization. We believe that the strength of present study resides in the largeness of series, the lengthy followup, and single-surgeon management.
In summary, PS in PM is associated to a variety of vitreoretinal interface modifications whose natural history greatly varies. Foveal sensitivity and fixation patterns are associated to the risk of progression, and visual prognosis differs among groups. We believe the many presentations we describe do not just represent penetration variability of one disease but point at separate conditions that warrant diversified treatment.
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